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We present first results for light hadron masses, quark masses and decay constants in the continuum
limit using O(a) improved fermions at three different values of the gauge coupling β.
1. INTRODUCTION
It has become standard to reduce, or in-
deed eliminate completely, the O(a) cut-off
effects of Wilson fermions by adding the lo-
cal Sheikholeslami-Wohlert counterterm. The
QCDSF collaboration has simulated quenched
QCD with improved fermions at three differ-
ent values of the gauge coupling β = 6.0,
6.2, and 6.4, which covers the range of lat-
tice spacings a−1 ≈ 2 − 3.5 GeV. The sim-
ulations have been done on lattices of size
163 × 32 (β = 6.0), 243 × 48 (β = 6.0, 6.2),
323 × 64 (β = 6.2), and 323 × 48 (β = 6.4).
The spatial size of the lattices varies between
1.7−2.5 fm. We have generatedO(200−1000),
O(300), O(100) gauge field configurations at
β = 6.0, 6.2 and 6.4, respectively. They have
been evaluated for 3-8 different values of the
hopping parameter κ with mpi/mρ approxi-
mately in the range of 0.4 − 0.9.1 The co-
∗Talk given by D. Pleiter at Lat98, Boulder, U.S.A.
1For more simulation details, see [1].
efficient of the Sheikholeslami-Wohlert coun-
terterm, cSW (g
2), was taken from [2]. We are
currently improving both our statistics and
number of κ values at β = 6.4. Our results
presented here should therefore be regarded
as preliminary.
2. CHIRAL EXTRAPOLATION
In order to extrapolate the masses and de-
cay constants to the chiral limit, we use the
phenomenological ansatz
m2X = b0 + b2m
2
pi + b3m
3
pi. (1)
Fits with only three parameters using this
ansatz give smaller χ2/dof than the ansatz
based on predictions of chiral perturbation
theory, e.g. for mρ and mN [3]. Fig. 1 shows
m2ρ and m
2
N as a function of m
2
pi at β = 6.2.
We have used a two parameter fit (keeping
b3 = 0 fixed) at β = 6.4, since we currently
have results for three κ values only.
Searching for quenched chiral logarithms
predicted by the chiral perturbation theory we
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Figure 1. Chiral extrapolation of ρ (•) and nucleon
masses () at β = 6.2.
looked at the logarithm of the ratio m2pi/mq as
function of the quark mass mq [4]. Since the
standard method for determination of κc de-
pends on the presence of these singularities,
we use the quark masses determined by the
Ward identity method. Using the ansatz [5]
ln
(ampi)
2
amq
= c0 − δ
1 + δ
ln(amq) + (2)
c1 amq + c2 (amq)
2
we find δ ≈ 0.1− 0.2 for β = 6.0 and 6.2. Our
data and the fits are plotted in fig. 2.
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Figure 2. Searching for chiral logarithms at β = 6.0
(N), β = 6.2 () and β = 6.4 (•, not used for fits).
3. HADRON MASSES
In fig. 3 we plot our results for the dimen-
sionless mass ratio mN/mρ versus (mpi/mρ)
2.
Within errors there are no visible cut-off ef-
fects. For β = 6.0 and 6.2 we find the ratio
mN/mρ in the chiral limit to be in agreement
with the experimental value.
0.0 0.2 0.4 0.6 0.8 1.0
(mpi / mρ)2
1.2
1.3
1.4
1.5
1.6
m
N
 
/ m
ρ
Figure 3. APE plot for improved fermions at β = 6.0
(N), β = 6.2 () and β = 6.4 (•). This is compared
with the physical mass ratio and the heavy quark limit
(∗). The errors are bootstrap errors.
We use a linear fit in a2 in order to extrap-
olate our results for the hadron masses to the
continuum limit. We use the string tensionK,
which has cut-off errors of O(a2), to fix the
scale and
√
K = 427MeV to express the ex-
perimental values in terms of
√
K. As shown
in fig. 4 our preliminary data agrees with the
experimental values. For the a0 and b1 mesons
we find large O(a2) effects.
4. QUARK MASSES AND DECAY
CONSTANTS
We define the bare quark mass using the
Ward identity method. While the renormal-
ization constant ZA and the coefficient cA are
known non-perturbatively [2], we use tadpole
improved values for ZMSP (aµ), bA and bP [1,6].
To determine mˆs we proceed as described in
[1] and use the physical pion and kaon masses
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Figure 4. Continuum extrapolation of various
hadron masses compared with the experiment (∗).
To calculate the decay constants fpi and
1/fρ we use the improved renormalized oper-
ators Aµ = (1+ bAam)ZA(Aµ+ cAa∂µP ) and
Vµ = (1 + bV am)ZV (Vµ + icV a∂λTµλ). ZV ,
bV and cV are known non-perturbatively [2].
While fpi scales very well, this is less obvious
for 1/fρ. For other matrix elements using im-
proved axial and vector currents see [7].
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